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(54) Charge pump circuit having switching circuits for reducing leakage currents 



(57) To reduce leakage current from a current 
source transistor in a charge pump circuit of a PLL cir- 
cuit, the charge pump circuit activated according to an 
up signal or a down signal generated according to 
whether the phase of a clock output from VCO is faster 
or slower than that of a reference clock for generating 
current for charging or discharging LPF that supplies 
input to VCO of the disclosed PLL circuit is composed of 
a first current source transistor for generating current for 
charging LPF, a first switching transistor for connecting 
the first current source transistor to a power source 
according to an up signal, a second current source tran- 
sistor for generating current for discharging LPF and a 
second switching transistor for grounding the second 
current source transistor according to a down signal, 
and bias is applied to the first and second current 
source transistors when the charge pump circuit is inac- 
tivated. 
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Description 

BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

f0001l The present invention relates to a charge 
Dump circuit particularly relates to a charge pump ar- 
Kaving Etching circuits for redudng leakage cur- 
rent used for Phase-locked loop (PLL) arcurt. 



2. Description of the Related Art 

[0002] A PLL circuit is widely used to regenerate a 
clockfor example in afield of a communication and oth- is 

[0003] F.g. 6 shows the general configuration of a 
PLL circuit using a charge pump circuit The PLL arcurt 
101 showninFig. S roughly includes a phase-frequency 

ompSr 102%n inverter 103. a charge pump arcurt 20 
10™a lowpass fMar (LPF) 105. a voltage controlled 
oscillator (VCO) 106 and a frequency divider 107. 

roOMl The PLL circuit divides the frequency of an 

ence dock from an external dev,ce .n the phase fre- 
quency comparator 102. When the phase of he 
Reference dock is faster than that of the output of the 
Cency divider (the frequency of the interna, do*, 
smaller than a reference value), the frequency 0 output so 
fr™ VCO hi creased by applying a posrtive signal to 
IZ 106. when the phase of the reference do* is 
slower than that of output from the frequency divider 

(the frequency of the interna, dock is » 
erencevalue).feedbackoperation.sexecutedb y apply- * 

?ng a negative signal to VCO 106 so that the frequency 
ofoutput f rom VCO is reduced and the frequency, 0 *e 
internal clock from VCO 106 is always synchronized 
with that of a reference dock. 

S,051 At this time, the charge pump arcurt 104 40 
supplies charging current to LPF 105 according to an 
up* signal (* shows an inverted signal) acqu.red by 
invert ng an up (UP) signal output from the phase-fre- 
™ comparator 102 via the inverter 103 when the 
rhS^erencedockisfasterthanthatoftheout- « 

put of the frequency divider and when the (J^ 
Terence clock is slower than that of the 
frequency divider, discharge current is generated from 
LP? 105 via the charge pump drcuit 104 according to a 
down signal output from the phase-frequency compara- so 
toM02 LPF 105 functions as a lowpass filter by inte- 
grating "according to a time constant CR determined 
Supon a value R of resistance 105A and a vaUie C 
of capacity 105B and stabilizes the operation of the PLL 
cS 101 by smoothing the output of the charge pump * 

fiooei 104 Fig. 7 shows an exampleof the configuration 
!hat a P-channel transistor 1 , a P-channel transistor 2. 



an N-channel transistor 3 and an N-channel transistor 4 
are sequentially connected in series between a power 
sourceV DO and a ground GND of the charge pump cr- 
edit The source of the P-channe. transistor Ns con- 
nected to a power source V DD and . operated as a 
constant current source by applying bias VB p 
lower than power supply voltage V DD to the gate.Th P- 
channel transistor 2 is turned on when an up (UP sig- 
nTsent to the gate is at a low level (the potential of 
GND) supplies constant current from the power source 
V DD tia the P-channel transistor 1 to LPF 105 and is 
turned off when an up* signal is at a high level (the 
potential of V DD ). The source of the N-channe transs- 
tor 4 is connected to GND and the trustor fcnctions 
as a constant current source by apphrmg i bias voltage 
VBN higher than the potential of GND to the .gate. Tje 
Channel transistor 3 is turned on when a down (DM) 
S sent to the gate is at a high level , constant current 

4 and the N-channel transistor 3 is turned off when a 
down signal's at a low level. 
[0007] As desaibed above, the charge pump cira.it 
04 controls the frequency of a clock output from VCO 
106 by combining a constant current source and a 
switching circuit and supplying charging/d '^rge air- 
rent to LPF 105 according to an up signal or a down s.g 

rooOBl Recently, the reduction of voltage to be 
applied to a CMOS transistor composing a arcurt from 7 
^operating power source is desired as an integrated 
S^Mrtt* However, generally when operat- 
Sg power supply voltage to a CMOS transistor s 
Suced. the threshold voltage (V*) lowera and hereby 
leakage current increases when a CMOS transistor is 

rooofl 0ff ' A PLL drcuit shown in Fig. 6 also has a prob- 
tam that when each transistor in the charge pump arcurt 
in Fig. 7 is turned off, leakage current mcreases 
h^cause of the reduction of voltage. 

That is. inaphase locked state ****** 

nal and no down signal are generated by the phase 
frequency comparator, the P-channel transistors 1 and 
HSlhJ N-Sanne. transistors 3 and 4 in the charge 
pump drcuit are all turned off. However, in this state as 
LPF 105 is charged in case leakage current flows out 0 
ST 'channel transistors 1 and 2 and ^e N-ohanr^ 
transistors 3 and 4. input potential to VCO 106 vanes 
and the frequency of an output dock also varies .n a 
state in wS* a phase is to be locked. The vanation 
SUrtabo* of the frequency changes depending 
u Sn tine degree of leakage current in the P-channel 
frSstors 1 and 2 and the N-channel transistors 3 and 
4 for example the frequency of an output clock ,s offset 
or jitter occurs in the frequency of an output clock. 
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SUMMARY OF THE INVENTION 



[001 1 ] The present invention is made in view of the 
above situation and the object is to provide a PLL circuit 
wherein the offset of the frequency of an output clock 
and the occurrence of per in the frequency respectively 
caused by leakage current in a transistor composing a 
charge pump circuit can be prevented in the PLL circuit 
operated at low voltage. 

[0012] To achieve the object a first aspect of the 
invention relates to a charge pump circuit comprising: 

a first current source transistor; 



grounding the second current source transistor accord- 
ing to a down signal and bias is applied to the first or 
second current source transistor when the charge pump 
circuit is not activated, leakage current from the current 
5 source transistor in the charge pump circuit can be 
reduced and therefore, offset and- jitter can be pre- 
vented from occurring in the frequency of a clock output 
from the voltage controlled oscillator because of leak- 
age current described above. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0014] 



a first switching circuit electrically connecting a is 
source electrode of said first current source transis- 
tor to a first voltage source when said first switching 
circuit receives a first control signal whereby said 
first current source transistor supplies a charge cur- 
rent from said first voltage source to an output ter- 20 
minal, and electrically connecting said source 
electrode of said first current source transistor to a 
second voltage source when said first switching cir- 
cuit receives a second control signal whereby said 
first current source transistor is cut off said charge 2s 
current; 

a second current source transistor; and 

a second switching circuit electrically connecting a 30 
source electrode of said second current source 
transistor to a third voltage source when said sec- 
ond switching circuit receives a third control signal 
whereby said second current source transistor dis- 
charges a discharge current from said output termi- 35 
nal to said third voltage source, and electrically 
connecting said source electrode of said second 
current source transistor to a forth voltage source 
when said second switching circuit receives a forth 
control signal whereby said second current source 40 
transistor is cut off. 

[0013] In the configuration according to the inven- 
tion, as the PLL circuit provided with the charge pump 
circuit activated or inactivated according to an up signal 45 
or a down signal generated when the phase of a clock 
output from the voltage controlled oscillator is faster or 
slower than the phase of a reference clock for generat- 
ing current for charging or discharging the lowpass filter 
for controlling the frequency of a clock output from the so 
voltage controlled oscillator according to the output of 
the lowpass filter is composed of a first current source 
transistor for instructing the charge pump circuit to 
charge the lowpass filter, a first switching transistor for 
connecting the source of the first current source transis- ss 
tor to a power source according to an up signal, a sec- 
ond current source transistor for discharging the 
lowpass filter and a second switching transistor for 



Rg. 1 is a circuit diagram showing a charge pump 
circuit composing a PLL circuit equivalent to a first 
embodiment of the invention; 
Rg. 2 (a) is a circuit diagram showing a charge 
pump circuit composing a PLL circuit equivalent to 
a second embodiment of the invention; 
Rg. 2 (b) is a timing chart of Fig. 2 (a); 
Rg. 3 is a circuit diagram showing a charge pump 
circuit composing a PLL circuit equivalent to a third 
embodiment of the invention; 
Rg. 4 is a circuit diagram showing a charge pump 
circuit composing a PLL circuit equivalent to a 
fourth embodiment of the invention; 
Rg. 5 is a circuit diagram showing a charge pump 
circuit composing a PLL circuit equivalent to a fifth 
embodiment of the invention; 
Rg. 6 is a block diagram showing the general con- 
figuration of a conventional type PLL circuit using a 
charge pump circuit; and 

Rg. 7 shows an example of the configuration of the 
charge pump circuit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ' 

[0015] Referring to the drawings, embodiments of 
the invention will be concretely described below. Rrst 
Embodiment , 
[0016] Fig. 1 shows a charge pump circuit of a PLL 
circuit equivalent to a first embodiment of the invention. 
As the configuration and the operation of the PLL circuit 
including the charge pump circuit are similar to those of 
the PLL circuit shown in Rg. 6, the detailed description 
is omitted. 

[0017] The charge pump circuit in this embodiment 
is composed of P-channel transistors 11 and 12, N- 
channel transistors 13 and 14 and switching elements 
15 and 16 as shown in Rg. 1. 
[0018] The P-channel transistor 11 is connected 
between a power source V DD and the P-channel tran- 
sistor 12, an up* signal is supplied to the gate and the 
back gate is connected to the power source V DD . The P- 
channei transistor 1 2 is connected between the P-chan- 
nel transistor 11 and the N-channel transistor 13, bias 
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voltaoe VBP lowerthan the power source V D0 is applied 
to the gate and the back gate is connected to the power 
source V DD . The N-channel transistor 13 is connected 
Sen S?e P-channe. transistor 12 and the , N-cha*ne 
transistor 14, bias voltage VBN higher than the potential 
of GND is applied to the gate and the back gate is con- 
nected to GND. The N-channel transistor 14 .s con- 
nected between the N-channel transistor 13 and GND, a 
d Sn signal is supplied to the gate and the back gate is 
connected to GND. The switching element 15 is con- 

sistors 1 1 and 12 and GND and is turned on when a up 
sional is at a low level. The switching element 16 is con- 
nected between the power source V DD and the connec- 
tion A of the N-channel transistors 13 and 4 and is 
turned on when a down* (DN*) signal is at a h.gh level. 
10019] Referring to fig. 1. the operation of the 
charge pump circuit in this embodiment will be 
described below. 

[00201 The P-channel transistor 11 is turned on 
when an up* signal supplied to the gate is at a low level 
(the potential of GND), connects the power source V D d 
to the source of the P-channel transfer 12 and is 
turned off when an up* signal is at a h.gh level (the 
potential of V DD ). The P-channel transistor 12 !M» 
as a constant current source by applying b.as voltege 
VBP lower than power supply voltage V DD to the gate m 
a state in which the source is connected to^ the power 
source V DD and supplies constant current to LPF -105. 
Also the N-channel transistor 14 is turned on when a 
down signal supplied to the gate is at a high level sup- 
% GND to tSe source of the N^hanne. trans^r 13 
and is turned off when a down signal .s at a low leve • 
The N-channel transistor 13 functions as a constant cur- 
rent source by applying bias voltage VBN higher *an 
the potential of GND to the gate in a state in which the 
source is connected to GND and discharges constant 
currentfromLPF105. 
T f00211 At this time, the switching element 15 is 
urned on when an up signal is at a low level and the 
JSal of the connection B of the P-channel transis- 
tors 1 1 and 1 2 is divided into voltage close to the poten- 
tial of GND according to the internal resistance of the 
switching element Also, the switching element 16 is 
tTneri on when a down* signal is at a high levd and the 
potential of the connection A of the N^hanne. ^transis- 
tors 13 and 14 is divided into potential close to the 
potential of the power source V DD according to the inter- 
i nal resistance of the switching element 
* f00221 As described above, when the swrtchmg ele- 
ment 5 is turned on in a state in which the P^hannd 
transistor 11 for switching is turned off. the potential of 
the back gate of the P-channel transistor becomes 
higher than that of the source when the potential of the 
source is close to the potential of GND because he 
power source V DD is connected to the back gate of the 
P-channel transistor 12 that funct.ons as a constant cur- 
rent source and bias is applied to the source. Therefore. 



the absolute value of the threshold voltage Vth substan- 
tially becomes high because of back gate effect and 
leakagecurrentis prevented. Similarly, when the ^rtch- 
ing element 16 is turned on in a state in whichthe N- 
5 channel transistor for switching 14 is turned off. the 
5 potential of the back gate of the N-channel transistor 
becomes lower than that of the source when 1he poten- 
tial of the source is close to power supply voltage Vpo 
because the back gate of the N-channel transistor 13 
„ thatfunctionsasaconstantcurrentsourceisconnected 
toGNDandbiasisappliedtothesourceThereforethe 
threshold voltage Vth substantially becomes high 
because of back gate effect and leakage current is pre- 
vented. 

* r00231 As described above, in the charge pump cir- 
cuit provided with a switch between the power source 
and the constant current source transistor for charg- 
Siischarging LPF that supplies input to VCO via the 
Snslant current source transistor when the switch, 
20 turned on of the PLL circuit equivalent to this embodi- 
ment as leakage current is prevented by applying such 
voltage as produces back gate effect to the source. f 
the constant current source transistor when the swrtch 
is turned off, the offset and the jitter of the frequency of 
25 an output clock in the PLL circuit can be reduced. 



Second Embodiment 

100241 Fig. 2 (a) shows a charge pump circuit of a 
30 PLL circuit equivalent to a second embodiment of the 

raoST The charge pump circuft in this embedment 
[ s composed of P-channel transistors 21 and 22^ H_ 
channel transistors 23 and 24. switching elements 25 
as and 26. an N-channel transistor 27, P-channel transis- 
toTs 28 and 29, an N-channel transistor 30, a P-channel 
transistor 31 and an N-channel transistor 32 as shown 

SSef^The P-channel transistor 21 is connected 
40 between a power source V DD and the P-channe tran- 
siSr 22, a switching* signal is supplied to the gate and 
the back gate is connected to the power source Vor> 
Tt\e P-channel transistor 22 is connected between fte 

« atransferswftchforfteN-channelfrans.stor27a^the 
P-channel transistor 28 and the P-channel tm*r» 
are connected to the gate and the back gate is con- 
nected to the power source V DD . The N-channel tone* 

so andthe N-channei transistor 24. a^-^JJ 
N-channel transistor 30 and the P-channel trans* tor 31 
and the N-channel transistor 32 are connected Mto Jhe 
gate and the back gate is connected to GND. The N- 
channel transistor24 is connected between tie N-chan- 
55 transistor 23 and GND. a switching (SW) sign* is 
supplied to the gate and the back gate is connected to 

[m7\ The switching element 25 is connected 
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between the connection B of the P-channel transistors 
21 and 22 and GND and is turned on when a switching 
signal is at a low level. The switching element 26 is con- - 
nected between the power source V DD and the connec- 
tion A of the N-channel transistors 23 and 24 and is 
turned on when a switching* (SW*) signal is at a high 
level. The N-channel transistor 27 and the P-channel 
transistor 28 are connected in parallel between a source 
that generates bias voltage VBP lower than power sup- 
ply voltage V DD and the gate of the P-channel transistor 
22, an up signal is supplied to the gate of the N-channel 
transistor 27 and an up* signal is supplied to the gate of 
the P-channel transistor 28. The P-channel transistor 29 
is connected between the power source V DD and the 
gate of the P-channel transistor 22 and an up signal is 
supplied to the gate. The N-channel transistor 30 and 
the P-channel transistor 31 are connected in parallel 
between a source that generates bias voltage VBN 
higher than the potential of GND and the gate of the N- 
channel transistor 23, a down signal is supplied to the 
gate of the N-channel transistor 30 and a down* signal 
is supplied to the gate of the P-channel transistor 31. 
The N-channel transistor 32 is connected between the 
gate of the N-channel transistor 23 and GND and a 
down* signal is supplied to the gate. 
[0028] Referring to Figs. 2 (a) and 2 (b), the opera- 
tion of the charge pump circuit in this embodiment will 
be described below. 

[0029] A switching signal and a switching* signal 
are generated separately according to the output of a 
phase-frequency comparator, a switching signal is a 
signal that is turned at a high level before an up signal 
and a down signal respectively become a high level as 
shown in Fig. 2 (b) and is turned at a low level after 
these respectively become a low level and a switching* 
signal is a signal acquired by inverting a switching sig- 
nal. . 
[0030] The P-channel transistor 21 is turned on 
when a switching* signal supplied to the gate is at a low 
level, connects the power source V DD to the source of 
the P-channel transistor 22 and is turned off when a 
switching* signal is at a high level. The P-channel tran- 
sistor 22 functions as a constant current source by 
applying bias voltage VBP lower than power supply volt- 
age V DD to the gate via the transfer switch for the N- 
channel transistor 27 and the P-channel transistor 28 in 
a state in which the source is connected to the power 
source V DD when an up signal is at a high level, sup- 
plies constant current to LPF 105 and is turned off by 
applying power supply voltage V DD to the gate via the P- 
channel transistor 29 when an up signal is at a low level. 
[0031] Also, the N-channel transistor 24 is turned 
on when a switching signal supplied to the gate is at a 
high level, connects GND to the source of the N-channel 
transistor 23 and is turned off when a switching signal is 
at a low level. The N-channel transistor 23 functions as 
a constant current source by applying bias voltage VBN 
higher than the potential of GND to the gate via the 



transfer switch for the N-channel transistor 30 and the 
P-channel transistor 31 in a state in which the source is 
connected to GND when a down signal is at a high level, 
discharges constant current from LPF 105 and is turned 
5 off by turning the gate at a GND level via the N-channel 
transistor 32 when a down* signal is at a high level. 
[0032] At this time, as the switching element 25 is 
turned on when a switching signal is at a low level, the 
connection B of the P-channel transistors 21 and 22 is 
io turned potential close to the potential of GND according 
to the internal resistance of the switching element. 
[0033] Also, as the switching element 26 is turned 
on when a switching* signal is at a high level, the con- 
nection A of the N-channel transistors 23 and 24 is 
is turned potential close to power supply voltage V DD 
according to the internal resistance of the switching ele- 

- ment - 

[0034] As the switching elements 25 and 26 are 
turned at a high level before an up signal and a down 
20 signal respectively become a high level and are turned 
at a low level after the signals respectively become a 
low level as shown in Fig. 2 (b), each potential of the 
connections A and B can be stabilized before the P- 
channel transistor 22 and the N-channel transistor 23 
25 that respectively function as a constant current source 
are operated. . 
[0035] As described above, as the switching ele- 
ment 25 is turned on in a state in which the P-channel 
transistor for switching 21 is turned off. power supply 
ao voltage V DD is applied to the back gate of the P-channel 
transistor 22 that functions as a constant current 
source, bias is applied to the source by turning the 
source potential close to that of GND. therefore, as 
threshold voltage inverse bias is applied between the 
as source and the gate, leakage current is further pre- 
vented, compared with the case of the first embodiment. 
[0036] Similarly, as the switching element 26 is 
turned on in a state in which the N-channel transistor 24 
for switching 24 is turned off, bias is applied to the 
40 source of the N-channel transistor 23 that functions as a 
constant current source by connecting the back gate to 
GND and turning the potential of the source close to 
power supply voltage V DD . therefore, as threshold volt- 
age Vth substantially becomes high because of back 
« gate effect and inverse bias is applied between the 
source and the gate, leakage current is further pre- 
vented, compared with the case of thefirst embodiment. 
[0037] As descrbed above, in the charge pump cir- 
cuit for charging/discharging LPF that supplies input to 
so VCO via the constant current source transistor when the 
transistor for switching is turned on of the PLL circuit 
equivalent to this embodiment, as back gate effect is 
produced in the constant current source transistor when 
the transistor for switching is turned off and leakage cur- 
55 rentis prevented by applying inverse bias, theoffsetand 
the jitter of the frequency of an output dock in the PLL 
circuit can be reduced. 
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Third Embodiment 
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[0038] Fig. 3 shows a charge pump circuit of a PLL 
circuit equivalent to a third embodiment of the invention. 
[0039] The charge pump circuit in this embodiment i 
is composed of P-channel transistors 21 and 22, N- 
channel transistors 23 and 24, an N-channel transistor 
27, P-channel transistors 28 and 29, an N-channel tran- 
sistor 30, a P-channel transistor 31, an N-channel tran- 
sistor 32, a P-channel transistor 33 and an N-channel 
transistor 34 as shown in Fig. 3. 
[0040] In this embodiment, the configuration of the 
P-channel transistors 21 and 22, the N-channel transis- 
tors 23 and 24, the N-channel transistor 27, the P-chan- 
nel transistors 28 and 29, the N-channel transistor 30, 
the P-channel transistor 31 and the N-channel transistor 
32 is similar to that in the second embodiment shown in 
Fig. 2 (a), however, the third embodiment is greatly dif- 
ferent from the second embodiment in that the P-chan- 
nel transistor 33 and the N-channel transistor 34 are 
provided in place of the switching elements 25 and 26 in 
the second embodiment 

[0041] The P-channel transistor 33 is connected 
between the connection B of the P-channel transistors 
21 and 22 and GND and is turned on when a switching 
signal is at a low level. The N-channel transistor 34 is 
connected between the power source V DD and the con- 
nection A of the N-channel transistors 23 and 24 and is 
turned on when a switching* signal is at a high level. 
[0042] Referring to Fig. 3, the operation of the 
charge pump circuit in this embodiment will be 
described below. 

[0043] In this embodiment, each operation of the P- 
channel transistors 21 and 22, the N-channel transistors 
23 and 24, the N-channel transistor 27, the P-channel 
transistors 28 and 29, the N-channel transistor 30, the 
P-channel transistor 31 and the N-channei transistor 32 
is similar to that in the second embodiment shown in 
Figs. 2. 

[0044] As the P-channel transistor 33 is turned on 
when a switching signal is at a low level, the connection 
B of the P-channel transistors 21 and 22 is turned 
potential close to that of GND according to the internal 
resistance when the P-channel transistor 33 is turned 
on. Also, as the N-channel transistor 34 is turned on 
when a switching* signal is at a high level, the connec- 
tion A of the N-channei transistors 23 and 24 is turned 
potential close to that of the power source V DD accord- 
ing to the internal resistance when the N-channei tran- 
sistor 34 is turned on. 

[0045] Therefore, as the P-channel transistor 33 is 
turned on in a state in which the P-channel transistor for 
switching 21 is turned off, bias is applied to the source 
by applying power supply voltage V DD to the back gate 
of the P-channel transistor 22 that functions as a con- 
stant current source and turning the source potential 
close to that of GND, therefore, as threshold voltage Vth 
substantially becomes high because of back gate effect 
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and inverse bias is applied between the source and the 
gate by turning on the P-channel transistor 29 and 
applying power supply voltage V DD to the gate, leakage 
current is further prevented, compared with the case of 
the first embodiment. 

[0046] Similarly, as the N-channel transistor 34 is 
turned on in a state in which the N-channel transistor for 
switching 24 is turned off, bias is applied to the source 
by connecting the back gate of the N-channel transistor 
23 that functions as a constant current source to GND 
and turning the source potential close to power supply 
voltage V DD , therefore, as threshold voltage Vth sub- 
stantially becomes high because of back gate effect and 
inverse bias is applied between the source and the gate 
by turning on the N-channel transistor 32 and applying 
the potential of GND to the gate, leakage current is fur- 
ther prevented, compared with the case of the first 
embodiment. 

[0047] As described above, in the charge pump cir- 
cuit for charging/discharging LPF that supplies input to 
VCO via the constant current source transistor when the 
transistor for switching is turned on of the PLL circuit 
equivalent to this embodiment, as leakage current is 
prevented by applying such inverse bias as produces 
back gate effect to the constant current source transis- 
tor when the transistor for switching is turned off, the off- 
set and the jitter of the frequency of an output clock in 
the PLL circuit can be reduced. 



30 Fourth Embodiment 



[0048] Fig. 4 shows a charge pump circuit of a PLL 
circuit equivalent to a fourth embodiment of the inven- 
tion. 

[0049] The charge pump circuit in this embodiment 
is composed of P-channel transistors 21 and 22, N- 
channel transistors 23 and 24, an N-channei transistor 
27, P-channel transistors 28 and 29, an N-channel tran- 
sistor 30, a P-channel transistor 31 , an N-channei tran- 
sistor 32, an N-channel transistor 35 and a P-channel 
transistor 36 as shown in Fig. 4. 
[0050] In this embodiment, the configuration of the 
P-channel transistors 21 and 22, the N-channel transis- 
tors 23 and 24, the N-channel transistor 27, the P-chan- 
nel transistors 28 and 29, the N-channel transistor 30, 
the P-channel transistor 31 and the N-channel transistor 
32 is similar to that in the third embodiment shown in 
Fig. 3, however, the fourth embodiment is greatly differ- 
ent from the third embodiment in that the N-channel 
transistor 35 and the P-channel transistor 36 are pro- 
vided in place of the P-channel transistor 33 and the N- 
channel transistor 34 in the third embodiment. The N- 
channel transistor 35 is connected between the connec- 
tion B of the P-channel transistors 21 and 22 and GND 
and is turned on when a switching* signal is at a high 
level. The P-channel transistor 36 is connected between 
the power source V DD and the connection A of the N- 
channel transistors 23 and 24 and is turned on when a 
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switching signal is at a low level. 
[0051] Referring to Fig. 4, the operation of the 
charge pump circuit in this embodiment will be 
described below. 

[0052] In this embodiment the operation of the P- 
channel transistors 21 and 22, the N-channel transistors 
23 and 24, the N-channel transistor 27, the P-channel 
transistors 28 and 29, the N-channel transistor 30, the 
P-channel transistor 31 and the N-channel transistor 32 
is similar to that in the third embodiment shown in Figs. 
3. 

[0053] As the N-channel transistor 35 is turned on 
when a switching* signal is at a high level, the connec- 
tion B of the P-channel transistors 21 and 22 is turned 
potential close to that of GND according to the internal 
resistance when the N-channel transistor 35 is turned 
on. 

[0054] Also, as the P-channel transistor 36 is turned 
on when a switching signal is at a low level, the connec- 
tion A of the N-channel transistors 23 and 24 is turned 
potential dose to that of the power source V DD accord- 
ing to the internal resistance when the N-channel tran- 
sistor 36 is turned on. 

[0055] Therefore, as the N-channel transistor 35 is 
turned on in a state in which the P-channel transistor for 
switching 21 is turned off, bias is applied to the source 
by applying power supply voltage V DD to the back gate 
of the P-channel transistor 22 that functions as a con- 
stant current source and turning the source potential 
close to that of GND, therefore, as threshold voltage Vth 
substantially becomes high because of back gate effect 
and inverse bias is applied between the source and the 
gate by turning on the P-channel transistor 29 and 
applying power supply voltage V DD to the gate, leakage 
current is further prevented, compared with the case of 
the first embodiment. 

[0056] Similarly, as the P-channel transistor 36 is 
turned on in a state in which the N-channel transistor for 
switching 24 is turned off, bias is applied to the source 
by connecting the back gate of the N-channel transistor 
23 that functions as a constant current source to GND 
and turning the source potential close to power supply 
voltage V DD , therefore, as threshold voltage Vth sub- 
stantially becomes high because of back gate effect and 
inverse bias is applied between the source and the gate 
by turning on the N-channel transistor 32 and applying 
the potential of GND to the gate, leakage current is fur- 
ther prevented, compared with the case of the first 
embodiment. 

[0057] As described above, in the charge pump cir- 
cuit for charging/discharging LPF that supplies input to 
VCO via the constant current source transistor when the 
transistor for switching is turned on of the PLL circuit 
equivalent to this embodiment, as leakage current is 
prevented by applying such inverse bias as produces 
back gate effect to the constant current source transis- 
tor when the transistor for switching is turned off, the off- 
set and the jitter of the frequency of an output clock in 



the PLL circuit can be reduced. 
Fifth Embodiment 

s [0058] Fig. 5 shows a charge pump circuit of a PLL 
circuit equivalent to a fifth embodiment of the invention. 
[0059] The charge pump circuit in this embodiment 
is composed of P-channei transistors 21 and 22, N- 
channel transistors 23 and 24, an N-channe! transistor 
io 27, P-channel transistors 28 and 29, an N-channel tran- 
sistor 30, a P-channel transistor 31, an N-channel tran- 
sistor 32, an P-channel transistor 33, an N-channel 
transistor 34* an N-channel transistor 37, a P-channel 
transistor 38, a P-channel transistor 39 and an N-chan- 
15 nel transistor 40 as shown in Fig. 5. 

[0060] In this embodiment, the configuration of the 
P-channel transistors 21 and 22, the N-channel transis- 
tors 23 and 24, the N-channel transistor 27, the P-chan- 
nel transistors 28 and 29, the N-channel transistor 30, 
20 the P-channel transistor 31 , the N-channel transistor 32, 
the P-channel transistor 33 and the N-channel transistor 
34 is similar to that in the third embodiment shown in 
Fig. 3, however, the fifth embodiment is greatly different 
from the third embodiment in that the N-channel transis- 
25 tor 37, the P-channel transistors 38 and 39 and the N- 
channel transistor 40 are further provided. 
[0061] The N-channel transistor 37 is connected 
between the P-channel transistor 33 and GND and a 
power down* (PDN) signal is supplied to the gate. The 
30 P-channei transistor 38 is connected between the 
power source V D d and the N-channel transistor 34 and 
a power down (PD) signal is supplied to the gate. The P- 
channel transistor 39 is connected between the power 
source V DD and the gate of the P-channel transistor 22 
35 and a power down* (PDN) signal is supplied to the gate. 
The N-channel transistor 40 is connected between the 
gate of the N-channel transistor 23 and GND and a 
power down (PD) signal is supplied to the gate. 
[0062] Referring to Fig. 5, the operation of the 
40 charge pump circuit in this embodiment will be 
described below. 

[0063] in this embodiment, the operation of the P- 
channel transistors 21 and 22, the N-channel transistors 
23 and 24, the N-channel transistor 27, the P-channel 
45 transistors 28 and 29, the N-channel transistor 30, the 
P-channel transistor 31 , the N-channel transistor 32, the 
P-channel transistor 33 and the N-channel transistor 34 
is similar to that in the third embodiment shown in Figs. 
3. 

so [0064] When the power of a- device including the 
PLL circuit lowers, the oscillation of the PLL circuit stops 
and the charge of LPF that supplies input to VCO 
becomes zero. In this state, no up signal, no down sig- 
nal and no switching signal are generated, however, a 
55 power down (PD) signal and a power down* (PDN) sig- 
nal acquired by inverting the PD signal respectively for 
instructing power down are supplied to each part. 
[0065] At this time, the N-channel transistor 37 is 
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turned off when a PDN signal becomes a low level and 
the P-channel transistor 38 is turned off when a PD sig- 
nal becomes a high level. Simultaneously, the P-chan- 
nel transistor 39 is turned on when a PDN signal 
becomes a low level and applies power supply voltage 5 
V DD to the gate of the P-channel transistor 22. The N- 
channel transistor 40 is turned on when a PD signal 
becomes a high level and grounds the gate of the N- 
channel transistor 23. 

[0066] Hereby, as the P-channel transistor 22 and 10 
the N-channel transistor 23 that respectively function as 
a constant current source are both kept a state in which 
leakage current is minimum and a current path from the 
power source V DD to GND via the P-channel transistors 
21 and 33 and a current path from the power source is 
Vqd to ^ e N-channel transistors 34 and 24 are 

both cut off, the charge pump circuit is kept a state in 
which consumed current is minimum. 
[00671 As described above, in the charge pump cir- 
cuit for charging/discharging LPF that supplies input to 20 
VCO via the constant current source transistor when the 
transistor for switching is turned on of the PLL circuit 
equivalent to this embodiment, as leakage current is 
prevented by applying such inverse bias as produces 
back gale effect to the constant current source transis- zs 
tor when the transistor for switching is turned off, the off- 
set and the jitter of the frequency of an output clock in 
the PLL circuit can be reduced and further, current con- 
sumed by the charge pump circuit in a state in which the 
power lowers can be minimized. so 
[0068] As described above, referring to the draw- 
ings, the embodiments of the invention are described in 
detail, however, the concrete configuration is not limited 
to the configuration in the embodiments and the change 
of design in a range which does not deviate from the 35 
object of the invention is included in the invention. For 
example, relationship between the charging and the dis- 
charge of the constant current source according to an 
up signal and a down signal may be also reverse 
dependent upon the configuration of VCO. The switch- 40 
ing elements 15 and 16 may be also composed of a P- 
channel transistor or an N-channel transistor or maybe 
also composed of a transfer switch. Also, the P-channel 
transistors 11, 21, 29, 33, 36, 38 and 39 and the N- 
channel transistors 1 4, 24, 32, 34, 35, 37 and 40 may be 45 
also composed of a transfer switch. 
[0069] As described above, according to the PLL 
circuit according to the present invention, the offset and 
the jitter of the frequency of an output clock caused by 
leakage current from the constant current source tran- so 
sistor in the charge pump circuit for generating input to 
VCO according to a signal based upon the result of 
comparing the phase of a clock output from VCO with 
that of a reference clock can be prevented. 
[0070] While this invention has been described with ss 
reference to illustrative embodiments, this description is 
not intended to be construed in a limiting sense. Various 
modifications of the illustrative embodiments, as well as 



other embodiments of the invention, will be apparent to 
persons skilled in the art upon reference to this descrip- 
tion. 

Claims 

1 . a charge pump circuit comprising: 

a first current source transistor; 

a first switching circuit electrically connecting a 
source electrode of said first current source 
transistor to a first voltage source when said 
first switching circuit receives a first control sig- 
nal whereby said first current source transistor 
supplies a charge current from said first voltage 
source to an output terminal, and electrically 
connecting said source electrode of said first 
current source transistor to a second voltage 
source when said first switching circuit receives 
a second control signal whereby said first cur- 
rent source transistor is cut off said charge cur- 
rent; 

a second current source transistor; and 

a second switching circuit electrically connect- 
ing a source electrode of said second current 
source transistor to a third voltage source when 
said second switching circuit receives a third 
control signal whereby said second current 
source transistor discharges a discharge cur- 
rent from said output terminal to said third volt- 
age source, and electrically connecting said 
source electrode of said second current source 
transistor to a forth voltage source when said 
second switching circuit receives a forth control 
signal whereby said second current source 
transistor is cut off. 

2. The charge pump circuit in claim 1 ; 

wherein said second voltage source provides said 
source electrode of said first current source transis- 
tor with cut off bias against a gate voltage of said 
first current source transistor when said first switch- 
ing circuit receives said second control signal; and 
wherein said forth voltage source provides said 
source electrode of said second current source 
transistor with cut off bias against a gate voltage of 
said second current source transistor when said 
second switching circuit receives said forth control 
signal. 

3- The charge pump circuit in claim 1 ; 

wherein said first voltage source provides substan- 
tially equal voltage to said forth voltage source; and 
wherein said second voltage source provides sub- 
stantially equal voltage to said third voltage source. 
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4. The charge pump circuit in claim 1 ; 

wherein said first current source transistor is a P- 
channel MOS transistor, and said second current 
source transistor is a N-channel MOS transistor. 

5 

5, The charge pump circuit in claim 1 ; 

wherein said first switching circuit comprises a P- 
channel MOS transistor coupled between said first 
voltage source and said source electrode of said 
first current source transistor and receiving said first 10 
control signal to a gate electrode of said P-channel 
MOS transistor, and a first MOS transistor coupled 
between said second voltage source and said 
source electrode of said first current source transis- 
tor and receiving said second control signal to a is 
gate electrode of said first MOS transistor; and 
wherein said second switching circuit comprises a 
N-channel MOS transistor coupled between said 
third voltage source and said source electrode of 
said second current source transistor and receiving 20 
said third control signal to a gate electrode of said 
N-channel MOS transistor, and a second MOS tran- 
sistor coupled between said forth voltage source 
and said source electrode of said second current 
source transistor and receiving said forth control 25 
signal to a gate electrode of said second MOS tran- 
sistor. 



a third switching circuit connecting a gate elec- 
trode of said first current source transistor with 
said first voltage source or a first bias voltage 
based on a fifth control signal; and 



a forth switching circuit connecting a gate elec- 
trode of said second current source transistor 
with said third voltage source or a second bias 
voltage based on a sixth control signal. 

I. The charge pump circuit in claim 1 , 
wherein said charge pump circuit is controlled by a 
power down signal; 

wherein said first switching circuit does not electri- 
cally connect said source electrode of said first cur- 
rent source transistor to said second voltage source 
regardless of said second control signal, said gate 
electrode of said first current source transistor is 
connected to said first voltage source, said second 
switching circuit does not electrically connect said 
source electrode of said second current source 
transistor to said forth voltage source regardless of 
said forth control siganl, and said gate electrode of 
said second current source transistor is connected 
to said third voltage source, 

when said power down signal is active. 



6. the charge pump circuit in claim 1 , 

wherein said charge pump circuit is used for a 30 
phase locked loop circuit comprising a phase com- 
parator, a low pass filter and a voltage controlled 
oscillator; and 

wherein said first control signal, said second control 
signal, said third control signal, and said control sig- 35 
nai are control signals based on outputs of said 
phase comparator; and 

wherein said output terminal is connected to an 
input terminal of said low pass filter. 

40 

7. The charge pump circuit in claim 1 , 

wherein a gate electrode of said f irst current source 
transistor connected to a first fixed bias voltage; 
and 

wherein a gate electrode of said second current 45 
source transistor connected to a second fixed bias 
voltage. 

8. The charge pump circuit in claim 1 , 

wherein a back gate of said first current source so 
transistor provided with a fixed bias voltage sub- 
stantially equal to said first voltage source; and 
wherein a back gate of said second current source 
transistor provided with a fixed bias voltage sub- 
stantially equal to said third voltage source. ss 

9. The charge pump circuit in claim 1 further compris- 
ing, 



EP1 037 366 A2 




EP1 037366 A2 



Fig.2(a) 



UP 



29 

u 4 



Vdd 



'28 



UP* 
DN 

J_ 

T 



30 



DN' 



32 

S 




sw 



21 

4 



Vdd 




B 



22 



n 



23 

\ 



OUTPUT ^ 
TOLPF V DD 



26 



24 



DN*-Jp SW-j 




sw* 



Fig. 2(b) 

up— n_ 



DN- 

sw — n — n 



EP 1 037 366 A2 




EP 1 037 366 A2 




I 



EP 1 037 366 A2 




EP1 037366 A2 



CO 

Ll 



Z) 

o 
o 



On.-- J 








o 








iuq: 




OQ 


UJ 

a: 


> 


U-Q 



EP 1 037 366 A2 



Fig. 7 

V D D 



VBP 



UP* 



OUTPUT TO LPF 105 



DN 



VBN 



